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TITLE OF THE INVENTION 
Fluid Machine 

2. CLAIMS 

1 . A fluid machine, comprising: 

(a) a hollow cylinder case; 

(b) an end cover located at one side of said cylinder case; 

(c) a rotary shaft extending into said cylinder case and performing rotary 
motion; 

(d) a cylinder block disposed inside said cylinder case and rotating integrally 
with said rotary shaft; 

(e) a cylinder bore formed in said cylinder block; 

(f) a rotation support shaft provided in said end cover at a location radially 
eccentric to a line extending fi-om the rotational center axis of said rotary shaft and 
extending in a direction that intersects said rotational center axis between said end cover 
and said cylinder block; 

(g) a cross-slider type universal joint consisting of a first rotary end part 
axially supported by said rotation support shaft so that it can freely rotate, a second rotary 
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end pan fixedly attached to the end of said rotary shaft, and a cross slider that joins said 
first rotary end part and said second rotary end part; 

(h) a swash plate provided at said first rotary end part of said universal joint; 

(i) a piston disposed at said cylinder bore and connected to said swash plate; 
and ' 

0) a working fluid influx passage and working fluid discharge passage 
associated so that working fluid is supplied via a throughhole piovided in said cylinder 
bore when in the step where said piston is positioned at the side opposite said end cover 
and the working fluid is being introduced, and the working fluid is discharged from said 
throughhole when in the step where said piston is discharging the working fluid. 

2. A fluid machine as recited in claim 1 , wherein said working fluid influx 
passage and said working fluid discharge passage are formed in a front cover located at 
the other side of said cylinder case opposite to said end cover. 

3. A fluid machine as recited in claim 2, wherein a spline is formed on said 
rotary shaft, and said cylinder block is fastened to said spline so that it is capable of 
movement in the axial direction, and said cylinder block is pressed to said front cover 
side by an elastic body. 

4. A fluid machine as recited in claim 1 , wherein a bearing is interposed 
between the outer periphery of said cylinder block and the inner periphery of said 
cylinder case. 

5. A fluid machine as recited in claim 1 , wherein said rotation support shaft 
is provided in said end cover so that it can move centered on the rotational center of said 
universal joint. 

6. A fluid machine as recited in claim 5, wherein said rotation support shaft 
is fixed to a fixed part with gear teeth partially cut therein, and said fixed part can move 
centered on the rotational center of said universal joint by adjusting an adjustment screw 
provided in said end cover. 

7. A fluid machine as recited in claim 5, wherem said rotation support shaft 
is fixed to said fixed part, and said fixed part can move centered on the rotational center 
of said universal joint by means of a hydraulic piston provided in said end cover. 

8. A fluid machine as recited in claim 1 , wherein said working fluid influx 
passage and said working fluid discharge passage make sliding contact with said cylinder 
bore, and additionally comprising a seat member that has a communicating groove that 
has a predetermined relationship with said throughhole formed in said cylinder bore. 

9. A fluid machine as recited in claim 8, wherein the distance between each 
of said grooves provided in said seat member is such that said cylinder bore does not 
overlap both grooves when said piston is at the top dead center or the bottom dead center. 

3. DETAILED DESCRIPTION OF THE INVENTION 

Invention's Field of Application 

The present invention pertains to a fluid machine with a pump fimction for 
pressurizing and sending fluids, especially working fluids such as oil, etc., or a motor 
fimction for obtaining rotary power using the water head energy (pressure energy, etc ) of 
a working fluid. 
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Invention's Background 

Fluid pumps that pressurize and send a working fluid such as oil, etc. and fluid 
motors that obtain rotary power using the water head energy of a working fluid are 
generally well known fluid machines. 

This sort of fluid machine exists as the swash plate rotary type, which fixedly 
provides a swash plate on a drive shaft, and the rotation of this swash plate oscillates an 
oscillating disk that is axially supported by another shaft and causes reciprocating 
motion, as typified by FIG. 1 of Japanese Laid-open Patent Application No. Sho 58- 
91383, and [also] exists as the bent axis rotary type, which provides an inclined shaft 
integrated with the output end of a drive shaft, and the eccentric motion of that inclined 
shaft is transmitted to an axially supported oscillating disk via a rotation prevention 
means provided at the outer periphery of the inclined shaft and causes reciprocating 
motion, as typified by FIG. 2 of the same patent. 

Nevertheless, the former requires a bearing means such as a needle bearing, etc. in 
between in order to transmit rotation of the swash plate to the oscillating disk and convert 
it to reciprocating motion, so the structure is very complicated. 

Also, the central ball bearing that supports the oscillating disk bears the entire 
thrust load, so fiictional resistance is high and mechanical efficiency is very bad. 

In addition, a piston rod linked to a piston slideably engaged to the cylinder is 
linked to the peripheral end of the oscillating disk, so there is a limit where the oscillating 
disk cannot rotate. This rotation prevention is accomplished by meshing a spur at the 
side face of the oscillating disk with a fixed bevel gear (the so-called gear sliding type); it 
is not durable. In addition to that, the thrust load applied to the oscillatmg disk is home 
by a ball bearing, and manufacture of this ball bearing requires a high level of processing 
technology, and there are problems with its durability and its reliability is poor. Of 
course various types of means can be employed in order to improve this reliability, but 
these have the disadvantage of being costly. 

Next, the latter is a type that provides a swash plate integrated with the drive 
shaft, and it is provided with an oscillating disk with a thrust bearing interposed at its 
outer periphery. As wdth the former type, the thrust load is applied in the axial direction; 
durability of the oscillating disk's rotation prevention portion and the usage of many 
thrust bearings are problems. The structure is also very complicated. 

In addition to that, the inclined shaft is long and heavy so rotational balance is bad 
when rotating and is a major cause of vibration and noise. This rotational balance [issue] 
also applies to the former example. The shape is not such that it can be corrected and 
balanced by balance weights, so the fimdamental imbalance is not resolved, and there is 
run-out. 

This run-out acts on the drive shaft as an eccentric load and is linked to shaft 
wear. Also, mechanical vibration not only shortens machine life but also completely 
eliminates its reliability as a product, causes noise, and is unpleasant for the user, so it 
must be eliminated. 

In the foregoing, typical fluid machines were explained. In both cases there is a 
large axial thrust load and a large eccentric load applied to the drive shaft. The many 
strategies that have been pursued for solving mechanical wear in the axial direction and 
solving eccentricity of the drive shaft have fallen far short. Overall, their mechanical 
efficiency is very bad. 
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Object of the Invention 

The object of the present invention is to provide a fluid machine with excellent 
mechanical efficiency. 

Summary of the Invention 

The present invention is characterized as a fluid machine comprising: 

(a) a hollow cylinder case; 

(b) an end cover located at one side of the aforesaid cylinder case; 

(c) a rotary shaft extending into the aforesaid cylinder case and performing 
rotary motion; 

(d) a cylinder block disposed inside the aforesaid cylinder case and rotating 
integrally with the aforesaid rotary shaft; 

(e) a cylinder bore formed in the aforesaid cylinder block; 

(f) a rotation support shaft provided in the aforesaid end cover at a location 
radially eccentric to a line extending from the rotational center axis of the aforesaid rotary 
shaft and extending in a direction that intersects the aforesaid rotational center axis 
between the aforesaid end cover and the aforesaid cylinder block; 

(g) a cross-slider type universal joint consisting of a first rotary end part 
axially supported by the aforesaid rotation support shaft so that it can freely rotate, a 
second rotary end part fixedly attached to the end of the aforesaid rotary shaft, and a 
cross slider that joms the aforesaid first rotary end part and the aforesaid second rotary 
end part; 

(h) a swash plate provided at the aforesaid first rotary end part of the aforesaid 
universal joint; 

(i) a piston disposed at the aforesaid cylinder bore and connected to the 
aforesaid swash plate; and 

(j) a working fluid influx passage and working fluid discharge passage 
associated so that working fluid is supplied via a throughhole provided in the aforesaid 
cylinder bore when in the step where the aforesaid piston is positioned at the side 
opposite the aforesaid end cover and the working fluid is being introduced, and the 
working fluid is discharged from the aforesaid throughhole when in the step where the 
aforesaid piston is discharging the working fluid. 

In a fluid machine constituted in this manner the cylinder block and motion 
conversion mechanism portion rotate in synchronization, so the cylinder block and 
motion conversion mechanism portion appear to be at rest and the piston performs 
reciprocating motion, so it ftmctions as a pump or motor. 

Also, in this sort of constitution the motion conversion mechanism portion 
consists of a universal joint, so it results in a [fluid machine] with very high mechanical 
efficiency. 

Furthermore, in addition to this the motion conversion mechanism portion 
consists of a universal joint, so the constituent parts are very few, and as a result the 
accumulated error of the individual pieces is small, so it achieves the effect of making 
tolerance control in manufacturing easy. 

Embodiments of the Invention 
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In FIG. 1, reference number 10 is a cylinder case. A front cover 12 is fixed to one 
end of this cylinder case 10 and an end cover 14 is fixed to the other end by bolts, for 
example, although sometimes the cylinder case 10 and front cover 12 may be integrally 
constructed. A rotary shaft 16 is inserted into the lateral sectional center of the front 
cover 12; this rotary shaft 16 is axially received in the front cover 12 via a ball bearing 18 
and a needle bearing 20. 

Also, a seal 22 is disposed outside the ball bearing 18; this seal 22 is fixed by a 

clip 24. 

A working chamber assembly 26 and a motion conversion mechanism portion 28 
are housed within the cylinder case 10; these are sealed by the end cover 14. 

Here, the working chamber assembly 26 consists of a cylinder block 32, which 
engages a spline 30 formed midway on the rotary shaft 16 and which can rotate integrally 
with the rotary shaft 16; cylinder bores 34, a plurality of which is formed in a hollow 
tubular shape disposed inside the cylinder block 32 at equal intervals; and a piston 36, 
which is disposed in [each of] the cylinder bores 34. 

Here the cylinder block 32 rotates in synchronization with the rotary shaft 16, so 
the outer periphery of the cylinder block 32 is supported by the inner periphery of the 
cylinder case 10 and a plane bearing 38, but this plane bearing 38 can be replaced by a 
ball bearing or needle bearing. 

Next, a flat spring 42 is interposed between the cylinder block 32 and rotary shaft 
16's large diameter part 40; the cylinder block 32 is pushed toward the front cover 12 
side. This plays the role of sealing the cylinder block 32 against a seat member 44 
mounted in the front cover 12 and increasing the seal; in addition, it also plays the role of 
making assembly and adjustment easy. 

Furthermore, it goes without saying that the cylinder block 32 and rotary shaft 16 
basically may also be fixedly mounted. 

A working fluid influx passage 46 and working fluid discharge passage 48 are 
formed in the front cover 12; as shown in FIG. 2, these are connected to an influx groove 
50 and discharge groove 52 provided in the seat member 44. 

That is, FIG. 2 shows a cross-section along II-II of FIG. 1. The arc-shaped influx 
groove 50 and discharge groove 52 are formed in the seat member 44; they communicate 
with the working fluid influx passage 46 and working fluid discharge passage 48 
respectively. 

Also, an arc-shaped throughhole 54 is formed at the peak of each cylinder bore 
34. Through rotation of the cylinder block 32 the throughhole 54 intersects the influx 
groove 50 and discharge groove 52 respectively. 

Next, the motion conversion mechanism portion 28 shall be explained with 
reference to FIG. 3, FIG. 4, FIG. 5, FIG. 6, and FIG. 7. 

A shaft support 58 is integrally formed with the large diameter part 40 at the end 
of the rotary shaft 16; it constitutes a cross-slider type universal joint 56. But it is also 
possible to constitute them as separate bodies and later join and integrate them. 

Also, a pair of arms 60A of a cross slider 60, which is formed in a cross shape, is 
axially supported by this shaft support 58. 

Meanwhile, the other pair of arms 60B of the cross slider 60 is axially supported 
by another shaft support 62, and this shaft support 62 is axially supported, with a needle 
bearing 64 interposed, by a rotation support shaft 66 positioned so that it is radially 
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eccentric to a line extending from the rotational center axis of the rotary shaft 16. Here 
the rotation support shaft 66 is fixedly mounted on a fixed part 68; a bearing 70 is 
interposed between the fixed part 68 and shaft support 62 in order to lessen the fiiction 
between them. 

Also, the axis of the rotation support shaft 66 and the axis of the rotary shaft 16 
have an angle with respect to one another and intersect; that intersection point is the 
rotational center of the cross slider 60. 

Also, a swash plate 72 is fixed to the shaft support 62. This swash plate 72 
receives a ball bearing 76, which is connected to the piston 36 via a connecting rod 74. 
Furthermore, it goes without saying that the swash plate 72 and shaft support 62 may also 
be integrally formed. 

Therefore the shaft support 62 rotates in synchronization with the rotary shaft 16, 
so as a result the cylinder block 32, piston 36, connecting rod 74, and swash plate 72 
rotate in synchronization as one. 

Here, gear teeth 78 that employ a worm gear configuration are cut in the bottom 
of the fixed part 68 as seen in FIG. 3 and FIG. 4. The fixed part 68 can move along a 
guide groove 80 formed in the end cover 14, and this can move with its rotational center 
being the center of the cross slider 60. Of course an adjustment screw 82 that meshes 
with the gear teeth 78 is disposed at the end cover 14. 

This adjustment screw 82 can be rotated manually or using an actuator. By 
providing this sort of mechanism the incline of the axis of the rotation support shaft 66 
and the axis of the rotary shaft 16 can be changed. If [the fluid machine] is a pump, the 
efflux capacity can be changed, and if it is a motor the rotational speed can be changed. 

Also, movement of the fixed part 68 can be accomplished by the following sort of 
method. 

That is, in FIG. 5 a hydraulic piston mechanism 84 is provided in the end cover 
14; it can move in a direction that intersects the rotational center axis of the rotary shaft 
16 at nearly a right angle. 

At this hydraulic piston mechanism 84, the rotation support shaft 66 that is fixed 
to the fixed part 68 extends to the hydraulic piston 86, and the end of the rotation support 
shaft 66 is fastened to the hydraulic piston 86 via a ball bearing 88. Hydraulic chambers 
90 and 92 are formed at both sides of the hydraulic piston 86; the hydraulic piston 86 can 
engage in reciprocating motion by injecting hydraulic fluid into either one of the 
hydraulic chambers 90 and 92. 

Here the fixed part 68 can move along the guide groove 80 of a guide plate 94 
that is held between the end cover 14 and cylinder case 10. Of course it moves centered 
on the rotational center of the cross slider 60. 

Furthermore, the cross slider 60 may take the form shown in FIG. 6: arms 60 A 
and 60B integrally formed in a cross shape, with an outer ring attached at the tip of each 
arm 60A and 603 with a needle bearing interposed. Or the form shown in FIG. 7 may be 
used: arms 60A and 60B attached in a cross shape to a cubic body piece. 

Next the operation of a fluid machine with the sort of constitution described 
above shall be explained. First, the example of a pump device shall be explained. 

Now, when the rotary shaft 16 is rotated by a motor (for example, an internal 
combustion engine or electric motor), the cylinder block 32 rotates in synchronization 
with the rotary shaft 16. Along with this, the shaft support 58 formed at the large 
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diameter part 40, cross slider 60, and shaft support 62 are rotated at the same time, so the 
swash plate 72 is also rotated at the same time. Here the angle of inclination of the swash 
plate 72 is selected by the adjustment screw 82; the swash plate 72 rotates while keeping 
the selected angle of inclination. 

Then, when the cylinder block 32 and swash plate 72 are synchronized in this 
manner and rotate clockwise in FIG. 2, for example, the piston 36 in the cylinder bore 34 
which is in the vicinity of the influx starting end 50A of the influx groove 50 is at a 
position slightly moved to the bottom dead center from the top dead center. Then, as the 
cylinder bore 34 moves clockwdse, the piston 36 moves toward the bottom dead center, 
and at the vicinity of the influx completing end SOB of the influx groove 50 the piston 36 
is located at a position slightly closer to the top dead center from the bottom dead center. 

Here, when the piston 36 is located at the bottom dead center, the cylinder bore 34 
is at a position where it overlaps neither the influx groove 50 nor the discharge groove . 
52. 

Next, when the cylinder block 32 moves farther clockwise, the piston 36 moves 
toward the top dead center from the vicinity of the discharge starting end 52 A of the 
discharge groove 52, and at the vicinity of the discharge completing end 52B the piston 
36 is located slightly closer to the bottom dead center from the top dead center. 

Of course, here when the piston 36 is at the top dead center the cylinder bore 34 is 
at a position where it overlaps neither the influx groove 50 nor the discharge groove 52. 

By thus positioning the piston 36 so that the cylinder bore 34 overlaps neither the 
influx groove 50 nor the discharge groove 52 when it is located at the bottom dead center 
and top dead center it is possible to prevent inter-movement of the fluid, and the pumping 
efficiency can be increased. 

The preceding explanation focused on one cylinder bore 34, but each cylinder 
bore 34 also acts in the same manner, and can pressurize and send fluid. 

The preceding explanation dealt with a pump device that pressurizes and sends a 
working fluid when the rotary shaft 16 is driven by a motor, but it can also be used as a 
motor device, in which case the rotary shaft 16 is made to rotate as the output shaft. 

Below, to explain its operation as a motor device, when a working fluid is 
supplied to the working fluid influx passage 46 from another pressure fluid source, the 
piston 36 of the cylinder bore 34 that is in the vicinity of the influx starting end 50A of 
the influx groove 50 is at a position slightly moved to the bottom dead center from the 
top dead center, and the working fluid acts so as to move the piston 36 toward the bottom 
dead center. Then, as the piston 36 moves, the piston 36 rotates the swash plate 72, and 
rotates the shaft support 62, cross slider 60, and shaft support 58, and ultimately the 
rotary shaft 16 and cylinder block 32 are rotated. 

Next, when the cylinder bore 34 reaches the influx completing end 50B of the 
influx groove 50, the piston 36 is located at a position slightly closer to the top dead 
center from the bottom dead center, and at this time another cylinder bore 34 acts in the 
same manner as described above, so the cylinder bore 34 located in the vicinity of the 
influx completing end 5 OB moves to the influx starting end 52 A of the influx groove 52, 
and the piston 36 inside this cylinder bore 34 moves toward the top dead center. 
Therefore the working fluid inside the cylinder bore 34 is discharged from the working 
fluid discharge passage 48. 
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By repeating this sort of action this embodiment's motor device can convert a 
working fluid's water head energy into rotary motion. 

Thus in a fluid machine per this embodiment, the thrust load applied to the swash 
plate when converting rotary motion and reciprocating motion is received in the form of a 
radial load on the bearing portion between the rotation support shaft 66 and the shaft 
support 62 and on the center portion of the universal joint 56, making the axial thrust load 
very small, so mechanical strength is increased and mechanical wear becomes very small. 

Also, the rotary shaft 16, rotation support shaft 66, swash plate 72, and universal 
joint 56 mechanism are individually processed, and these components are assembled and 
combined to obtain the motion conversion mechanism portion, so it is excellent with 
regard to assembly and production characteristics. 

Effect of the Invention 

As described above, the present invention uses a cross-slider type universal joint 
in the reciprocating motion and rotary motion conversion portion, so it provides a fluid 
machine with excellent mechanical efficiency not achieved in prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical section view of a fluid machine that is one embodiment of the 
present invention. FIG. 2 is a cross-section along II-II in FIG. 1 . FIG. 3 is an oblique 
view of the motion conversion mechanism. FIG. 4 is an oblique view of the rotation 
support shaft and fixed part. FIG. 5 is a sectional view explaining the mechanism for 
changing the angle of the rotation support shaft. FIG. 6 and FIG. 7 are oblique views of 
universal joints. 

10 ... cylinder case, 12 ... front cover, 14 ... end cover, 16 ... rotary shaft, 32 ... 
cylinder block, 34 ... cylinder bore, 36 ... piston, 46 ... working fluid influx passage, 48 ... 
working fluid discharge passage, 58 ... shaft support, 60 ... cross slider, 62 ... shaft 
support, 66 ... rotation support shaft, 72 ... swash plate. 
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